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Introduction
Warm-up prior to exercise can be done either actively
or passively. An important aim of warm-up is to enhance
sports performance, such as power, strength, coordina-
tion and endurance, and the effects of warm-up can
lead to temperature-related and non-temperature-related
changes [1]. Both active and passive warm-ups contribute
to temperature-related changes, whereas active warm-
up may involve some non-temperature-related effects.
However, inconsistent results have been reported in
the literature regarding the effects of warm-up in improv-
ing the endurance of untrained individuals [2,3]. Also,
there does not seem to be a general consensus on which
type of warm-up is more beneficial in delaying the 
sensation of high level of exertion or overall sports per-
formance. For example, an early study by Andzel [4]
reported that a high level of warm-up improved sport
performance significantly more than did a low level of
warm-up and no warm-up at all, whereas Genovely
and Stamford [5] reported that a low level of warm-up
had the same effect as no warm-up and they both led 
to significantly better performance than a high level of
warm-up. Mitchell and Huston [6], however, did not
find any difference between high level, low level, or no
warm-up in sports performance.
The present study was therefore designed to exam-
ine the effects of active warm-up, passive warm-up and
no warm-up on the time to perceived exertion with
cycling exercise.
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Abstract: This study investigated the effect of active, passive, and no warm-up on the time of reaching 75% of
maximum exertion in cycling ergometry testing. The study adopted a randomized repeated measures design. 
A total of 20 able-bodied adults (11 males, 9 females) were tested in three sessions in random order, namely
active warm-up, passive warm-up, and no warm-up. Active warm-up comprised active stretching of thigh muscles,
treadmill running, and cycling on an ergometer at low intensity. Passive warm-up comprised passive stretching,
hot pack, and massage to both thighs. All subjects underwent cycling ergometry testing with a constant work output
in each session. The main outcome measure was the time to reach a level of 15 in the rate of perceived exertion
(RPE). Results showed a significant difference (p = 0.04) in the exercise time before reaching RPE 15 among the
three conditions. Post hoc analysis revealed that subjects had longer exercise time after passive warm-up than
active warm-up and no warm-up (p = 0.05 and p = 0.04, respectively). This result suggests that passive warm-up
prior to exercise could lengthen exercise time before subjects reach a high level of perceived exertion in cycling.
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Methods
Approach to the problem
A repeated measures randomized controlled design was
used in this study. All the tests were conducted in an
exercise testing laboratory.
Subjects
Twenty healthy young adults (11 males, 9 females) vol-
unteered to participate in the study. Their mean age
was 21 ± 1.6 years (range, 19–26 years). None of them
had regular exercise training, record of cardiovascular
disease, recent musculoskeletal injury or chronic dis-
eases. The Ethics Review Committee of the Hong Kong
Polytechnic University reviewed and approved the study
protocols. All testing procedures were clearly explained
to the subjects and all subjects gave their written informed
consent prior to the tests.
Procedures
Subjects attended three sessions of testing. In the first
session, they were randomly assigned into a sequence
of three testing conditions by drawing lots. The three
conditions were active warm-up (A), passive warm-up
(P), and no warm-up control (C). Each test session was
separated from another by at least 3 days to ensure ade-
quate recovery from the previous bout of test exercise.
Subjects were also instructed not to change their usual
daily activity pattern and diet during the study period.
The tests were conducted in a laboratory setting with
air-conditioning to control the temperature and humid-
ity. In order to control the circadian effect, each subject
was tested at the same time of day in each test session.
Procedure A comprised active stretching, slow jogging
and low intensity ergometer cycling. The stretching of
quadriceps was performed while standing. The subject
held the dorsum of the foot at the back and pulled the
foot up with one hand while the other hand rested on a
plinth to maintain balance. For the hamstring muscles,
the leg being stretched was placed on a plinth with
ankle dorsiflexed and knee extended. The subject then
bent the trunk forward with hip flexion so as to stretch
the hamstring muscles. The stretching for each muscle
was maintained for 15 seconds and repeated five times.
After stretching, the subjects performed slow jogging 
on a treadmill (Precor C934, Woodinville, WA, USA) for
3 minutes and then exercise on a stationary cycling er-
gometer (MONARK Ergomedic 828E; Vansbro, Sweden)
with a low level of resistance for 3 minutes. During the
jogging and cycling exercises, subjects should not have
a rate of perceived exertion (RPE) exceeding 11, which
was about half of the maximum RPE that the subjects
would achieve for their age norm.
Procedure P comprised passive stretching, massage
and hot packs to the quadriceps and hamstring muscles
on both legs. Passive stretching of the quadriceps was
performed with the subject lying in prone position. The
examiner flexed the subject’s knee to 90° while keeping
the pelvis in a neutral position until a moderately strong
stretch in the anterior thigh was felt. Passive stretching
of the hamstrings was performed with the subject lying
supine, the ankle passively dosiflexed and the knee kept
straight. The examiner raised the subject’s lower limb 
at the hip joint until tension was felt at the back of the
thigh. The passive stretching manoeuvres were main-
tained for 15 seconds and repeated five times for each
muscle in both legs. Massage to bilateral quadriceps and
hamstrings were performed with subjects lying supine.
The examiner applied effleurage and stroking manoeu-
vres to the muscles for 3 minutes. Throughout the study,
all of the stretching and massage were performed by the
same examiner to ensure consistency. After the above
procedures, with the subject lying supine, hot packs 
of 75°C covered with eight layers of cotton towels were
applied to the quadriceps and hamstring muscles for 
3 minutes. Prior to application of the hot packs, the
examiner performed a skin sensation test to rule out any
contraindications to heat treatment.
Procedure C, the control condition, consisted of sub-
jects sitting for 10 minutes in the laboratory before testing.
During that period, subjects were instructed to refrain
from any exercise so that they did not have any form of
warm-up.
The tests were conducted immediately after each of
the above procedures. Subjects performed cycling exer-
cise on a cycling ergometer. Subjects had to exercise at 
a constant speed of 50 rpm and resistance of 100 W for
males and 65 W for females throughout the exercise.
Subjects continued the exercise until their RPE reached
a level of 15, which was about 75% of the maximum
exertion that the subjects would achieve for their age
norm. The time taken by each subject to reach an exer-
tion level of RPE 15 was recorded. The measured time
in the three sessions were compared.
Statistical analysis
Data were analysed with one-way repeated measures
ANOVA using SPSS version 11.0.1 (SPSS Inc., Chicago,
IL, USA). The significance level was set at p = 0.05.
Significant ANOVA results were further analysed with
post hoc linear contrast.
Results
Table 1 lists the results of the three testing conditions.
The ANOVA result was significant (p = 0.041). Post hoc
linear contrast revealed that procedure P had longer
exercise time to reach RPE 15 than procedures A and C
(p = 0.04 and p = 0.05, respectively) (Table 2), whereas
procedures A and C were not different from one
another.
Discussion
This study examined the effects of different warm-up
procedures on the time to perceived exertion in cycling
exercise. The results showed a significant longer exercise
time for the warm-up procedures of passive stretching,
massage and hot pack application, but there was no ben-
eficial effect with active stretching and exercise warm-up
procedures in lengthening the exercise time to perceived
exertion.
Although we did not test the reliability of RPE meas-
urements in our subjects and some researchers question
the suitability of this scale for determining intensity in
exercise training [7], there are reports that RPE has
good reliability and high correlation with physiological
measures such as heart rate and oxygen consumption
for exercise assessment [8–10]. Therefore, the use of RPE
in assessing the exertion level in this study is justified.
One of the aims of warm-up is to raise the muscle
temperature. In order to achieve that, passive warm-up
depends on external means such as hot packs, massage
or other forms of heat treatment, while active warm-up
achieves temperature increase by active muscle work.
Many studies have examined the effects of active warm-
up in different exercises and reported improvements 
in peak power delivery in cycling ergometer testing
[11], stroke distance in swimming [12], joint range of
motion [13], vertical jump height [14] and sprinting
performance [15]. These improvements could be linked
to the rehearsal effect of specific movement patterns
which may help improve coordination of the exercise
movements [15]. However, comparisons of active and
passive warm-up procedures in endurance sports are
not well reported.
The present finding revealed that the time to perceived
exertion was significantly lengthened with procedure P.
A possible explanation is that the passive warm-up pro-
cedures induced vessel dilation in the muscles, thus lead-
ing to more effective removal of metabolites during the
exercise testing. The quick removal of metabolites could
raise the anaerobic threshold and subsequently lengthen
exercise time.
The active warm-up procedure, due to its volitional
nature, would induce greater metabolic and cardio-
vascular changes, thus causing some non-temperature-
related effects such as elevation of baseline oxygen
consumption (VO2) and post-activation potentiation.
Theoretically, by elevating baseline VO2, the initial oxy-
gen deficit during exercise will decrease and less initial
work be completed anaerobically, thus reserving more
anaerobic capacity for the upcoming task. Therefore, time
to exhaustion might be extended with active warm-up
[1,14].
However, our finding did not reveal any significant
effect of procedure A in lengthening the cycling exer-
cise time to exertion. The active warm-up procedure 
in this study comprised active stretching and 6 minutes
of treadmill running and cycling. Despite the RPE level
during warm-up exercise being restricted to lower than
11, it could be that these warm-up exercises were still
too demanding for the subjects in light of the fact that
they were all non-athletes and not involved in any reg-
ular exercise training. It has been reported that an active
warm-up procedure that is too intensive in nature could
cause early fatigue and impair performance [16]. There-
fore, the optimal dosage of active warm-up warrants
further study so that subjects are not pre-fatigued before
the exercise.
A limitation of this study is that only the exercise
time to exertion was compared, but the actual exercise
performance and post-exercise recovery were not com-
pared. It is not known if differences exist between the
three testing conditions with regard to these parame-
ters, which are vital for designing exercise training and
injury prevention programmes.
Practical Application
Ten minutes of warm-up with passive stretching, mas-
sage and hot pack application could lengthen the time
to perceived exertion in cycling exercise. Warm-up pro-
cedures with active stretching and light exercises were
not different from no warm-up in terms of exercise time
to perceived exertion. Whether these warm-up proce-
dures have other physiological effects on exercise out-
come and post-exercise recovery is not known.
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Table 1. Exercise time (in seconds) to perceived exertion
of the three testing conditions and ANOVA results
Group Mean
Standard
ANOVA p
deviation
C 127.9 66.7 3.912 0.041
A 116.4 62.3
P 158.9 105.8
C = control; A = active warm-up with stretching; P = passive
warm-up with stretching.
Table 2. Post hoc linear contrast of the different groups
Group comparison Mean square F p
P vs. C 19,266.5 4.063 0.05
P vs. A 36,296.9 4.870 0.04
P = passive warm-up with stretching; C = control; A = active
warm-up with stretching.
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